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PALEOMAGNETIC EVIDENCE FOR THRUST SHEET ROTATION ALONG THE ROCKY 
MOUNTAIN FRONT; WEST CENTRAL MONTANA.
Director Steven D. Sheriff
Near Wolf Creek Montana, the fold and thrust belt intersects the central Montana trough 
along the northern margin of the Helena salient This margin is characterized by thrusts with a 
strong component of left-lateral movement and an eastward migration of the fold and thrust 
belt. Drag along the northwest edge of the central Montana trough produced counterclockwise 
rotations of thrust bound rocks within this margin.
To measure this deformation 6  to 9 specimens were collected from each of 31 paleomagnetic 
sites located in the volcanic member of the Late Cretaceous Two Medicine Formation (circa 
79 Ma). Sites were subequally distributed between two major thrust sheets and characteristic 
paleomagnetic directions were determined. Results from 13 reliable sites in the upper Wolf 
Creek-Carter Creek thrust sheet yield a mean direction of D=330.3® 1=68.1® (095=5 .3 3 ®). The 
underlying Dearborn River-Dead Man Cbulee thrust sheet yield a mean direction of D=321.9® 
1=69.3® (095=1 1 .8 7®) from 6  reliable sites. The difference in these data is not significant at the 
95% confidence level suggesting that the thrust sheets did not rotate relative to each other. 
Combining all 19 sites resolves an average direction of D=327.0® 1=69.0® (N=19, 095=4 .7 6 ®). 
These data were then compared to volcanic rocks of the adjacent Adel Mountains (circa 76 
Ma) D=352.2® 1=68.4® (N=26, 095=4 .5 8 ®) which provide the best available Late Cretaceous 
reference direction. Comparison to the Adel volcanic rocks suggests that 25.0® ± 12.2® 
counterclockwise rotation occurred at the 95% confidence level. These paleomagnetic results 
in conjunction with abundant geologic data suggest the rocks of the Two Medicine Formation 
were thiusted and subsequently dragged about an obliquely oriented foreland ramp.
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Introduction
Near Wolf Creek, Montana, deformed sedimentary and volcanic rocks of the 
Late Cretaceous Two Medicine Formation are carried by several closely spaced thrust 
faults. These thrusts are shallowly dipping, northeast directed (Sears, 1988), and have 
a strong component of left-lateral movement (Woodward, 1980). To the south, 
similarly thrusted rocks in the Helena salient (figure 1) are rotated about nearby 
vertical axes due to interactions with crystalline rocks of the Rocky Mountain foreland 
(Eldredge and Van der Voo, 1988). The northward extent of these rotations is poorly 
defined, yet determining relative rotations and thrust sheet movements in this portion 
of the disturbed belt is critical to understanding Montana’s tectonic framework.
Nearly complete sections of the Two Medicine Formation are located within 
two thrust sheets near Wolf Creek (figure 2). These sections form an impressive belt 
of outcrops which follow the trend of the thrust belt. The Two Medicine Formation, 
composed of welded tuffs, lava flows, and volcanic sedimentary rocks, was deposited 
during Late Cretaceous time and subsequently deformed within the fold and thrust 
belt. The excellent exposure, completeness of sections, and age relative to 
deformation make these rocks an excellent target for paleomagnetic analysis of thrust 
belt rotations.
To determine thrust belt rotations near Wolf Creek, I used techniques similar 
to Grubbs and Van der Voo (1976), Schwartz and Van der Voo (1984), and Eldredge 
and Van der Voo (1988). These workers measured the deviation in paleomagnetic 
declinations in thrust bound rocks in the Helena and the Wyoming salients. They
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Figure 1. Geologic map of Montana showing major structural elements and location 
of the study area.
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document significant and highly variable rotations in thrust sheets at the margins of 
both salients and note that rotations decrease away from thrust faults and toward the 
interior of the salient. Eldredge and Van der Voo (1988) proposed buttressing against 
the crystalline basement as the mechanism which produced these rotations. In the 
Wyoming salient the effects of buttressing are well documented. However, critical 
sites in the Kootenai Formation along the northern margin of the Helena salient (near 
Wolf Creek) failed to provide Eldredge and Van der Voo (1988) with reliable 
paleomagnetic directions.
My paleomagnetic results from the Two Medicine Formation document 25® 
significant counterclockwise rotation within each of two distinct thrust sheets. These 
results, in conjunction with structural data from the area which document significant 
left-lateral motion on thrusts (Woodward, 1981), suggest that the thrust sheets rotated 
about a nearby vertical axis located to the northwest. I propose impingement and drag 
about an obliquely oriented foreland ramp as the mechanism by which these rocks 
rotated.
Geologv
The Two Medicine Formation is a Late Cretaceous (Campanian) volcanic and 
sedimentary sequence which was deposited within Montana’s foreland basin. The 
environment of sedimentation during this time is described as near-shore to lagoonal 
(Viele, and Harris, 1965) and extended from Wolf Creek to the Canadian border. Two 
facies of the Two Medicine Formation occur in the vicinity of Wolf Creek (Schmidt,
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Figure 2. Generalized geologic map of the Wolf Creek area (From Schmidt, 1972, 
Schmidt and Strong, 1972).
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1972, 1978). The eastern sedimentary facies consists dominantly of sedimentary rocks 
with non-volcanic clasts. Conversely, the western facies is thrust bound and consists 
of both volcanic rocks, and volcaniclastic sedimentary rocks.
Until recently, the age of the Two Medicine Formation and its relationship to 
thrusting was poorly understood. Lyons (1944) originally defined the Two Medicine 
Formation as the basal section of the Adel Mountain volcanic field. He determined a 
Late Cretaceous age based on plant fossils found within a conglomerate at the base of 
the volcanic pile. However, detailed mapping (Schmidt, 1972, Schmidt, 1977,
Schmidt and Strong, 1972) and stratigraphie correlations (Viele and Harris, 1965) 
resolved the Two Medicine Formation and Adel Mountain volcanic field as distinct 
and separate units. Using this newer classification, Obradovich and Cobban, (1975) 
determined an age of -̂79 Ma in the Two Medicine Formation based on K-Ar isotopic 
dates in Late Cretaceous faunal zones. This date agrees with the age of "80 Ma 
reported by Robinson et al. (1968) for age equivalent Elkhom Mountain volcanic 
rocks. Recent radiometric dates of 81.1 ± 3.5 Ma and 71.2 ± 2.7 Ma from Adel 
volcanic rocks (Gunderson and Sheriff, 1990) suggest Two Medicine and Adel 
volcanism overlap in time. However, stratigraphie relationships determined by 
Schmidt (1972, 1978) place the Adel volcanic field over the Two Medicine Formation. 
This relationship suggests a possible discrepancy between the older radiometric date of 
81.1 ± 3.5 Ma. in the Adel Mountain volcanic rocks and the correlated age of the Two 
Medicine Formation of 79 to 80 Ma. However, an average age of 76 Ma cited by 
Gunderson and Sheriff (1991) is probably a reliable representation of the true age of
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the Adel volcanic rocks, and agrees with age and stratigraphie relationships in the 
area. This is corroborated by unpublished (in shop) dates held by USGS personnel (S. 
Harlan, pers. comm.).
The age of the Two Medicine Formation clearly predates the age of thrusting 
as determined by Hoffman et al. (1976). She constrained the age of deformation along 
the Rocky Mountain Front by radiometric analysis of bentonite clays. These clays 
were enriched in radiogenic potassium due to low temperature burial metamorphism. 
Burial metamorphic temperatures were reached during emplacement of overlying thrust 
plates and recorded approximate dates of deformation between 72 Ma and 56 Ma. In 
addition, thrust faults carry the Two Medicine Formation and cut the western edge of 
the Adel Mountain volcanic field. Thus deformation clearly postdates both Two 
Medicine and Adel volcanism as determined by both geologic and radiometric 
relationships.
Methods
All paleomagnetic measurements are expressed in SI units of induction (B, 
tesla) and magnetic dipole moment per unit volume (M, amperes per meter). An 
induction of 1 T corresponds to a cgs magnetic field (H) of 10̂  Oe., while a magnetic 
dipole moment per unit volume of 1 A/m coiresponds to a cgs magnetization (J) of 
1 0   ̂ emu/cm^.
Field methods
A sampling procedure was developed to test the hypothesis that rocks of the 
Two Medicine Formation were rotated due to interactions with the crystalline 
basement. Three general objectives of the sampling procedure include: 1) sampling of 
two thrust sheets to measure relative rotation between the two, 2 ) sampling of two 
localities within each thrust sheets to perform a fold test and assess the paleomagnetic 
reliability of these rocks, and 3) sampling of complete stratigraphie sections at each 
locality to average paleosecular variation.
A total of 246 specimens were collected from 31 paleomagnetic sites (table 1, 
appendix A) within the western facies of the Two Medicine Formation (Schmidt,
1972, 1977). These sites were subequally distributed among the Wolf Creek, Carter 
Creek, Dead Man Coulee, and the Dearborn River localities (figure 2). Twenty seven 
of the sites were collected by drilling 7 to 10 cores using a portable drill. These cores 
were subsequently oriented (in situ) using a solar compass. The four remaining sites 
consist of a collection of 4 to 5 oriented hand samples per site from which 6  to 8 
cores were drilled in the lab. Generally, sites were located at prominent outcrops and 
roadcuts with individual samples collected at about 1 meter intervals. Some recessive 
outcrops (usually sediments) required more closely spaced sample distributions.
Laboratorv procedures and reliabilitv criteria
Progressive alternating field (af) and thermal demagnetization techniques were 
employed to evaluate the natural remanent magnetization (NRM) of the specimens cut
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from samples. After each progressive demagnetization step, specimens were measured 
with a Schonstedt SSM-2A spinner magnetometer. Typically, at least one pilot 
specimen from each site was subjected to af demagnetization and one to thermal 
demagnetization; subsequent specimens from that site were demagnetized by the 
method which most effectively isolated a characteristic remanent magnetization. 
Alternating field demagnetization was performed using a Molspin tumbling 
demagnetizing unit capable of magnetic inductions between 2.5 and 100 mT. Thermal 
demagnetization was accomplished with a homemade thermal demagnetizing unit 
capable of temperatures to 700^C. Specimens were held at the demagnetizing 
temperature for 2 0  minutes and cooled in a magnetically shielded space with a 
magnetic induction of less than 6  nT. Generally, 10 to 25 steps were measured for 
each sample in increments of 2.5 to 25 mT for af demagnetization and 20®C to 100°C 
for thermal demagnetizations. Bulk susceptibilities were measured with a Bartington 
M.S.2 magnetic susceptibility meter to monitor changes in magnetic mineralogy after 
each thermal cleaning.
For some pilot specimens, af methods were ineffective for complete 
demagnetization. With these specimens, generally over 30% of the NRM remained 
after subjection to maximum inductions of 100 mT. These specimens were further 
cleaned by thermal methods until only a few percent of their NRM intensity remained. 
For most of these specimens, thermal demagnetizations paralleled previous alternating 
field linear decays. Only one site (89TM22) yielded different characteristic directions 
from the two methods. Further thermal demagnetization of specimens in this site
defined two distinct components of magnetization probably related to late stage 
hydrothermal activity.
Characteristic magnetic directions were determined by use of standard 
orthogonal demagnetization diagrams (Zijderveld, 1967) and principle component 
analysis (Kirschvink, 1980). Of the 246 specimens collected, 184 defined single 
component magnetizations with univectoral linear decays to the origin. For these data, 
mean directions and associated statistics were determined by the methods of Fisher 
(1953). In 5 sites (89TM02, 89TM05, 89TM07, 89TM21, 89TM29) overlapping 
coercivity spectra or associated un-blocking temperatures produced non-linear 
demagnetization paths in 14 of 38 samples. For these samples, remagnetization circles 
(Halls,1976, Kirschvink, 1980) were calculated and a principle component analysis of 
their remagnetization planes was performed. Bingham statistics were employed for 
these non-circular distributions (Onstodt, 1980) with both line and plane data 
combined.
Arbitrary rejection criteria were applied to both specimens and sites to best 
resolve their average paleomagnetic directions. Individual samples within a site were 
rejected if their magnetic direction was more than two angular standard deviations 
from the mean direction for that site. This resulted in a loss of 10 specimens.
Samples which were weakly magnetized (Mg < 10^ A/m), or which produced non 
linear decays with maximum angular deviations greater than 7® were also rejected from 
the site average. These rejection criteria resulted in a loss of 50 additional specimens. 
An additional rejection criteria was developed for the sites after individual samples
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were evaluated. Sites were rejected if 5 or fewer samples were available for averaging 
or the site had a 95% cone of confidence (095) greater than an arbitrary cutoff of 15®.
After application of these rejection criteria 19 of the original 31 paleomagnetic 
sites remained (table 1). These data include 9 reliable paleomagnetic sites within the 
Wolf Creek locality, 4 reliable sites within the Carter Creek locality, 4 reliable sites 
within the Dead Man Coulee locality, and 2 reliable sites within the Dearborn River 
locality (figure 2). Despite the rejection of 12 of 31 paleomagnetic sites the 
distribution and total number of reliable sites allow for an evaluation of Two Medicine 
magnetization and a test of the rotation hypothesis.
Paleomagnetic Results
The 19 reliable paleomagnetic sites within the Two Medicine Formation 
include 13 sites from the Wolf Creek-Carter Creek localities within the upper thrust 
sheet, and 6  sites from the Dead Man Coulee-Dearbom River localities within the 
lower thrust sheet (table 1).
Sites within the upper thrust sheet are located throughout the stratigraphie 
section. From the bottom to top of the stratigraphie section the sites are located in a 
latite stock (89TM12, 89TM13, 89TM14), two related latite flows (89TM05,
89TM22), at least 5 separate cooling units of welded ash flow tuffs (89TM01,
89TM15, 89TM16, 89TM23, 89TM29, and 89TM31), volcanic sandstone (89TM02), a 
trachyte flow (89TM03, 89TM19), a conglomerate (89TM30), a mudstone (89TM18) 
and a thin ash flow tuff (89TM17).
TABLE 1
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Site Rock S/N GDEC GINC SC SDEC SINC a95 k PLAT PLONG
Wolf Creek locality (47.0®N, 112.0®W)
01 WT 7/10 203.3 -63.2 170/18 163.9 -67.7 10.39 34.69 -78.8 2.9
05* LP 4/8 352.2 40.0 155/22 332.7 42.8 10.79/18.87 -30.1/-2.1 59.0 121.8
12 LPS 8/8 206.3 -59.5 145/32 127.1 -75.2 4.25 170.77 -57.0 24.6
13 LPS 7/8 212.9 -51.3 145/32 163.2 -75.7 5.79 109.80 -71.5 43.4
14* LPS 8/8 305.6 -39.4 170/35 341.9 -56.1 80.16 1.44 4.8 82.5
15 WT 8/8 207.8 -69.7 160/22 134.1 -75.0 5.10 118.89 -60.3 24.6
16 WT 8/8 152.9 -54.3 120/15 131.1 -60.1 2.76 403.93 -54.9 -13.8
22 LP 8/8 169.7 -47.2 155/15 153.0-48.9 6.83 66.74 -63.0 -51.9
23 WT 7/8 197.8 -60.1 170/18 164.0 -63.6 5.32 129.72 -78.8 -25.2
29 WT 6/6 17.7 64.3 155/25 315.2 70.2 10.31/10.91 -30.8/-0.2 56.0 -174.0
31 WT 7/7 237.5 -55.8 165/35 153.2 -80.1 8.65 49.61 -63.1 48.7
Carter Creek locality (47.0®N, 112.1®W)
02* SS 7/7 348.2 54.0 165/18 324.5 51.3 47.56/51.67 -2.7/-0.1 59.1 141.5
03 TP 6/8 38.6 68.8 190/15 356.8 71.0 4.35 238.39 81.4 -124.2
17 WT 7/8 326.3 77.3 245/15 330.9 62.4 6.32 92.30 69.4 159.2
18 MS 8/8 335.0 71.5 195/15 313.7 59.7 6.07 84.37 56.5 164.0
19 TP 8/8 43.2 65.6 195/20 355.7 67.3 1.54 1295.68 85.9 -153.9
30* CGL 8/8 141.0 -4.8 210/15 141.3 9.1 111.13 1.22 -28.1 -67.1
Dead Man Coulee locality (47. fN , 112.1®W)
04 WT 7/8 202.2 -58.4 165/28 148.9 -64.3 6.81 79.62 -68.7 -13.6
06 LP 8/8 191.6 -43.4 165/28 162.0 -49.4 3.96 196.27 -68.1 -66.2
07* LP 5/8 26.5 28.3 170/30 6.9 42.2 11.55/18.34 -22.6/-1.7 66.7 51.9
08* SS 6/8 353.8 58.7 147/30 301.2 59.0 40.89 3.64 47.7 -170.2
09 SS 6/8 17.1 60.3 147/30 308.8 70.4 8.01 70.89 57.6 -169.6
10 SS 8/8 6.6 66.0 150/30 292.9 65.8 3.50 251.65 46.3 -175.0
Dearborn River locality (47.2®N, 112.2®W)
11 WT 7/8 190.8 -62.1 120/30 98.7 -80.5 7.52 65.39 -46.8 40.5
20 WT 6/7 199.3 -49.0 125/30 168.6 -75.8 7.55 79.62 -72.9 50.0
21* SS 2/9 22.4 67.7 145/25 299.0 76.8 15.77/32.29 -10.2/-2.3 53.5 -150.9
24* AFT 0/8
25* AFT 0/8
26* MS 0/8
27* SS 5/8 62.0 23.9 140/35 70.7 57.6 51.69 3.15 39.1 -39.5
28* WT 0/8
* sites not used In final analysis.
Key - Rock types (WT) welded tuff, (LP) latite porphyry, (LPS) latite porphyry stock, (SS) sandstone, (TP) 
trachyte porphyry, (MS) mudstone, (CGL) conglomerate, (AFT) air fall tuff; (S/N) samples used/collected; 
(GDEC,GINC) site mean declination and inclination; (SC) structural correction; (SDEG,SINC) site mean 
direction after structural correction; (a95) Fisher (a95) or Binghan (o31/a32) confidence limits; (k) 
concentration parameter for Fisher (k) or Bingham (k̂ /kg) distributions; (PLAT,PLONG) VGP latitude (positive
north) and longitude (positive east).
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The lower portion of the upper thrust sheet comprises a uniform reversely 
magnetized direction (table 1). Reversely magnetized directions were generally 
resolved after removal of a viscous remanent magnetization (VRM) (figure 3a) parallel 
to the present magnetic field and opposite in direction to the characteristic remanent 
magnetization. This VRM is generally removed by 17.5 mT or 400® C after which a 
second and sometimes third component of magnetization was revealed. Sites which 
contained two components of magnetization after removal of the VRM overprint 
include (89TM05, 89TM12, 89TM13, 89TM14, 89TM15, 89TM16, 89TM22, 89TM23, 
89TM29, and 89TM31).
Paleomagnetic sites within equivalent rocks in the other localities (Carter 
Creek, Dead Man Coulee, Dearborn River) do not display these secondary 
magnetizations; thus there seems to be a local remagnetization event in the Wolf 
Creek area. A possible source of this remagnetization occurs in the form of late stage 
hydrothermal activity near the latite stock. Evidence for this event includes extensive 
quartz veins, and clay alteration near the stock. Based on the unblocking temperature 
spectra of the secondary magnetic direction, reheating reached maximum temperatures 
on the order of 580® C to 620® C (figure 3a). Above these temperatures the 
characteristic magnetic direction decays univectorally to the origin.
Secondary magnetizations common to the Wolf Creek locality are absent in the 
stratigraphically higher Carter Creek locality which is also in the upper thrust sheet. 
Instead sites within these sedimentary and volcanic rocks are normally magnetized and 
yield good univectoral directions after removal of a VRM overprint. Sites within these
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rocks include a sandstone (89TM02). a trachyte flow (89TM03, 89TM19), an ash flow 
tuff (89TM17), and a mudstone (89TM18), The lowest stratigraphie site, collected in 
coarse sands (89TM02), was poorly behaved and generally produced soft 
magnetizations associated with either the present paleomagnetic field or a magnetic 
field aligned with the spin axis. The four remaining paleomagnetic sites in the upper 
thrust sheet include 89TM17 and 89TM18 which yield reliable paleomagnetic 
directions after removal of a VRM at 12.5 mT or 570®C. Specimens collected in the 
trachyte flow (89TM03, 89TM19) yielded well behaved normally magnetized 
univectoral decays to the origin (figure 3b). Dispersion within these sites was small as 
characterized by 95% cones of confidence (095) which were less than 4.5®.
The two sites located in the trachyte flow along with 2 other sites from the 
upper normally magnetized section survived the arbitrary rejection criteria. Addition 
of these sites to the 9 reversely magnetized sites from the lower Two Medicine section 
give a total of 13 high quality paleomagnetic sites within the upper thrust sheet.
Unlike the upper thrust sheet, several sites within the lower thrust sheet did not 
provide reliable paleomagnetic directions. This thrust sheet, comprised of the Dead 
Man Coulee and Dearborn River localities, contains several lithologie units which are 
similar to those of the upper thrust sheet. Despite these similar rock types, 8  sites 
failed to yield reliable paleomagnetic directions. Four sites (89TM24, 89TM25, 
89TM26, 89TM28) were weakly magnetized (M  ̂< 10*̂ A/m), and were below the 
effective measuring capability of the magnetometer. An additional 4 sites (89TM07, 
89TM08, 89TM21, 89TM27) were unreliable carriers of remanence. Three of these
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sites (89TM21, 89TM26, and 89TM27) were collected within coarse sandstones which 
earned soft magnetizations similar to those observed in site 89TM02 of the upper 
thrust sheet. The other site (89TM07) contained both normally and reversely 
magnetized directions and yielded non-linear decays during demagnetization.
Rejection of these sites left only 6  reliable paleomagnetic sites from the lower 
thrust sheet. Like the upper thrust sheet these sites included reversely magnetized 
rocks (89TM04, 89TM06, 89TM11, and 89TM20) which are overlain by normally 
magnetized rocks (89TM09, 89TM10). Reversely magnetized rocks include a latite 
flow (89TM06) which is overlain by as many as 3 welded ash flow tuffs (89TM04, 
89TM11, 89TM20). These sites yielded uniform single component paleomagnetic 
directions after removal of a VRM by 15 mT or 300®C (figure 3c). Remagnetizations 
common within reversely magnetized rocks of the Wolf Creek locality are absent 
within these rocks. Therefore the reheating magnetization of the Wolf Creek area does 
not effect equivalent rocks within the lower thrust sheet. Only two reliable 
paleomagnetic sites (89TM09, and 89TM10) were collected from the overlying 
normally magnetized section. These sites, located in the Dead Man Coulee section, 
displayed secondary components of magnetization (figure 3d) due to reheating by Late 
Cretaceous-Paleocene dikes. The dikes are located on either side of the Reef Thrust 
but apparently are not offset. Therefore reheating and associated remagnetization of 
these sites occurred after thrust sheet emplacement. These remagnetization directions, 
in structurally uncoirected coordinates, lie near the average paleomagnetic direction of 
the Late Cretaceous Adel Volcanic field (Gunderson and Sheriff, 1991). Thus these
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remagnetization data agree with geologic relationships in the area and suggest a post 
thrusting remagnetization of these sites. The remagnetization is removed by 35 mT or 
590®C after which a linear magnetization was observed. The timing of this 
remagnetization and a lack of other remagnetization sources suggest the observed 
primary magnetizations are derived from a detrital remanent magnetization (DRM) 
which was acquired during deposition and lithification.
Post-thrusting remagnetizations in sites 89TM09, and 89TM10 suggest that 
characteristic magnetizations of these sites are primary and pre-thrusting. A positive 
fold test and conglomerate test indicate that the age of acquisition of magnetization in 
the other reliable sites was also before deformation. The conglomerate test was 
applied to site 89TM30 to determine the effects of remagnetization on individual 
cobbles. If remagnetization of the site did not occur then random directions of 
magnetization would be expected from the cobbles. Alternatively, if complete 
remagnetization of the of the site occurred, then a distinct realignment of magnetic 
directions would be expected. The site consists of poorly sorted cobbles < 0.2 meters 
in diameter. A possible source for remagnetization occurs in the form of a two meter 
wide basaltic dike approximately 70 meters distant. Although each specimen yielded a 
well defined characteristic direction, these directions were highly dispersed; the 95% 
cone of confidence for the mean direction is 111® (table 1, site 89TM30). Thus the 
alternative hypothesis is rejected and the conglomerate test lends support for Two 
Medicine rocks as reliable carriers of primary remanent magnetizations.
Figure 4 presents the average paleomagnetic direction before structural
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Figure 4. Equal-area projection of site mean directions and associated 95% cone of 
confidence before tilt correction, (x) = rotation axis direction, (*) = present day 
magnetic direction.
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correction of Two Medicine rocks. The average paleomagnetic direction from the 19 
reliable sites is located at Declination = 16.0°, Inclination = 62.2° (€£95 = 5,82) and is 
distinctly different from both the present day magnetic direction (*) and the spin axis 
(x) at the 95% confidence level. Thus characteristic magnetizations are clearly not 
recent and must predate both the present day and recent magnetic direction.
A fold test (figure 5a and b) was applied to sites from the Wolf Creek and 
Carter Creek localities to further test the age of primary magnetization. These 
localities are separated by a broad fold which plunges shallowly to the southwest.
After tilt correction (figure 5b) a significant decrease in dispersion is noted. Analysis 
by the methods of McElhinny (1964) suggest this decrease in dispersion is significant 
at the 95% confidence interval. Thus the fold test is positive and the characteristic 
magnetic directions were acquired before deformation. The above evidence indicates 
that these 19 reliable sites represent pre-thrusting magnetizations that allow a test of 
thrust sheet rotations.
The paleomagnetic results from the two thrust sheets are summarized in table 
2 . Geographic (in situ) coordinates of the upper thrust sheet yield a paleomagnetic 
direction of Dec = 16.6°, Inc = 64.8°, (CC95 = 7.92°) from 13 reliable sites. The lower 
thrust sheet yields an in situ paleomagnetic direction of Dec = 14.9°, Inc = 56.7° (095  = 
7.57°) from 6  reliable paleomagnetic sites.
Restoration of Two Medicine thrust sheets to the paleohorizontal is necessary 
before a test of relative rotations can be performed. These rocks are located above a 
thrust ramp, all the sites dip south-west or south. Structural control in the study area
22
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Figure 5. Equal-area plot of site directions (circles) and mean direction (pentagram) 
with associated 95% confidence cone of the upper thrust sheet a) before structural 
correction and b) after structural correction.
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TABLE 2: Summary of Two Medicine paleomagnetic results.
N Dec Inc k a95 563 PLAT PLONG
Wolf Creek - Carter Creek localities
Geog 13 16.6 64.8 28.39 7.92 15.21 78.7 -26.5
Strat 13 330.0 68.1 61.52 5.33 10.31 70.1 -178.8
VGP 13 26.57 8.19 15.72 70.2 175.7
Dead Man Coulee - Dearborn River localities
Geog 6 14.9 56.7 79.26 7.57 9.08 75.2 14.5
Strat 6 321.9 69.3 32.78 11.87 14.15 65.2 -174.5
VGP 6 15.30 17.69 20.77 64.3 -170.6
Combined Two Medicine
Geog 19 16.0 62.2 34.17 5.82 13.86 78.2 9.9
Strat 19 327.0 69.0 50.61 4.76 11.37 68.2 -175.7
VGP 19 22.08 7.31 17.26 68.5 -179.3
Key - (N) number of sites used; (Dec, Inc) site-mean declination and inclination; (K) concentration parameter 
for fisher distributions; (a 9 ^  semiangle of the 95% confidence cone in degrees; (563) angular standard 
deviation in degrees; (PLAT, PLONG) latitude (north positive) and longitude (east positive) of the virtual 
geomagnetic pole (VGP); (Geog) geographic coordinates; (Strat) structurally corrected coordinates.
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is excellent as flows and sediments of the Two Medicine Formation are well exposed, 
and often display well defined bedding features. The greatest structural uncertainties 
arise from units which are not laterally extensive and may have been deposited upon 
paleoslopes of uncertain orientations. The latite stock is also a source of uncertainty 
as its orientation during acquisition of magnetization is constrained only by bedding 
near its lower and upper surfaces. Structural correction of the two thrust sheets yields 
Dec = 330.0®, Inc = 68.1° 9 (095 = 5.33°) for 13 paleomagnetic sites within the upper 
thrust sheet and Dec = 321.9°, Inc = 69.3°, ((X9 5  = 11.87°) for 6  reliable sites in the 
lower thrust sheet. These restored directions are appropriate for testing the relative 
rotations of the two thrust sheets.
Thrust sheet rotation: testing the hvpothesis
The hypothesis that significant rotations occurred between the two thrust sheets 
was tested using the methods of Beck, (1980) and Demarest (1983). Using the test 
statistic (X95 the amount and significance of rotation is measured between structurally 
displaced paleomagnetic directions. The test assumes that sample distributions are 
collected from the same population and that the samples have sufficiently averaged the 
population. As samples were collected throughout the Two Medicine section in both 
thrust sheets and these sections represent approximately the same time of magnetic 
acquisition, the first assumption has probably been satisfied. The second assumption 
was probably satisfied in the upper thrust sheet as 13 reliable sites were collected. 
However, the small sample size in the lower thrust sheet (only 6  reliable sites) and the
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large (X95 cone of confidence, suggests that there may not be a sufficient number of 
sites to sample the population (figure 6 ). Despite the small sample size in the lower 
thrust sheet, an approximation of the thrust sheets behavior can still be determined.
The average paleomagnetic direction in the lower thrust sheet is Dec = 321.9®, 
the average declination in the upper thrust sheet is 330.0®. By Beck (1980) and 
Demarest's (1988) method, 8.1® ± 28.8® of rotation occurred between the lower and 
upper Two Medicine thrust sheets (figure 6 ). Thus there is no significant difference in 
the directions observed at the 95% confidence interval. It is possible that some 
rotation between the two thrust sheets occurred but the relatively large 95% confidence 
interval of the lower thrust sheet precludes greater precision. Further analysis in the 
lower thrust sheet might resolve a significant difference in the two thrust sheets, 
however this would require a heroic effort on the part of the sampler as documented 
by the high site failure rate in the Dearborn River locality (table 1).
As paleomagnetic directions within the two thrust sheets are indistinguishable 
at the 95% confidence level they were combined for comparison to a stable Late 
Cretaceous paleomagnetic direction. This combined, structurally corrected average is 
Dec = 327.0®, Inc = 69.0®, ((X95 = 4.76®, k = 50.61) for 19 reliable paleomagnetic sites 
(figure 7). The associated paleomagnetic pole derived from the 19 reliable VGP’s is 
located at 68.5® N, 179.3® E (01̂  = 7.31®, k = 22.08) (figure 8 ).
Some might question if the 19 reliable VGP*s within the Two Medicine 
Formation represent a true average of the paleomagnetic pole position and thus the 
Late Cretaceous spin axis. Difficulties in averaging paleosecular variation (PSV) to a
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Figure 6 . Equal-area plot of mean direction from the upper thrust sheet (open 
pentagram) and lower thrust sheet (solid pentagram) and associated 95% cones of 
confidence.
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Figure 7. Equal-area projection of 19 reliable paleomagnetic sites (squares), mean 
(pentagram) and associated 95% cone of confidence (circle) for the combined upper 
and lower thrust sheets.
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Figure 8 . North-polar projection of final site VGP’s and mean. Y = sampling locality, 
* = present day magnetic pole position, (square) VGP, (pentagram) mean Two 
Medicine pole position.
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constant value have been documented in several studies. For example, Diehl et al. 
(1988) collected 239 mid-tertiary VGP’s from 16 studies, yet the normal and reversed 
subsets resolved significantly different paleomagnetic poles. In a separate study, 
Calderone et al. (1990) obtained only 64 reliable VGP’s from 190 middle Miocene 
lava flows exposed in the Mohave-Sonora desert of California and Arizona. Limited 
subsets from these studies would not always yield an accurate representation of the 
true pole (cf. Calderone and Butler, 1984). In addition. Sheriff (1989) determined that 
PSV in the Hog Heaven volcanic rocks was not averaged from 12 reliable VGP’s 
despite the apparent length (5 million years) of volcanic activity, presence of reversely 
magnetized flows, and the abundance of different rock types.
Several lines of evidence suggest that the combined Two Medicine data has 
adequately averaged PSV. First, the data contain both normal and reversely 
magnetized directions in a distinct lithologie sequence. However, unlike 
paleomagnetic data sets from Diehl et al. (1988), Two Medicine normal and reversely 
magnetized subsets are antipodal at the 95% confidence interval. In addition, the Two 
Medicine section at Wolf Creek in the upper thrust sheet has an aggregate thickness of 
approximately 1300 meters of which 650 meters are sedimentary rocks. An estimate 
of the minimum time for deposition of this amount of sediments is 8.3 million years 
given the sedimentation rates of 6.9 to 7.8 cm/lOOOyr (Wallace et al., 1990). Thus 
sufficient time has probably elapsed to successfully average PSV. Finally, Model G of 
McFadden et al. (1988) predicts VGP scatter due to changing dipole/quadrupole 
contributions at different latitudes. Their model predicts 18.2® of VGP scatter at the
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sampling paleolatitude of 52°. The observed scatter for the Two Medicine paleopole is 
17.3° with lower and upper confidence intervals of 14.2° and 22.1° at the 95% 
confidence level (Cox, 1969). Thus, predicted scatter is well within the confidence 
interval for the observed scatter in the paleomagnetic data of the Two Medicine 
Formation. The combination of my sampling scheme, the agreement of predicted 
scatter and observed scatter, and the presence of both normally and reversely 
magnetized rocks suggest that the combined pole from the two thrust sheets carrying 
Two Medicine Formation rocks has averaged paleosecular variation to a constant 
value. Thus, these data are valid for comparison to other Late (Cretaceous 
paleodirections.
Before a comparison can be made between the Two Medicine Formation and 
the stable interior an appropriate paleomagnetic reference direction must be chosen. 
Selection of a valid reference direction in the Late Cretaceous is difficult due to a 13° 
gap in apparent polar wander between Mid-Cretaceous and Paleocene time. This gap 
hinders the interpretation of large and small scale structure during the Laramide time 
period. Additionally, several Late Cretaceous pole positions used in recent studies 
come from tectonically suspect locations and should be viewed with caution 
(Gunderson and Sheriff, 1991). These paleomagnetic data from allocthonous regions 
include the -72  Ma Roskruge Mountain volcanic rocks of southwest Arizona 
(Vugteveen, 1981) which have been translated due to approximately 20% extension 
since the Late Oetaceous. Other paleomagnetic studies within the Late Cretaceous 
include the -79  Ma Maudlow and Livingston Formation in the Crazy Mountains basin
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(Swenson and McWilliams, 1988) and the *̂ 80 Ma Elkhom Volcanic rocks of west- 
central Montana (Hanna, 1967, 1973, and Diehl, in press). As these studies were 
completed within the highly deformed Helena salient and were undoubtedly subjected 
to uncertain tectonic rotations and translations, they must be rejected from further 
consideration. Thus preferring to err on the side of caution, these pole positions 
should not be used as part of a reference pole.
Rejection of the previously discussed data leaves only two paleomagnetic 
studies of Late Cretaceous rocks from structurally stable locations. First, Acton and 
Gordon (1990) evaluated the -87 Ma Fort Hayes limestone of the Niobarra Formation 
located in Colorado and Kansas. They determined a paleomagnetic pole position at 
75® N, 185® E (ot95 = 3.0®) (figure 9) which is indistinguishable from the preferred 
Mid-Cretaceous stillstand pole of Globerman and Irving (1988) but is 1-2® closer to 
the Paleocene pole (Diehl et al., 1983). The Fort Hayes pole may record the onset of 
rapid apparent polar wander at approximately 87 Ma. Gunderson and Sheriff (1991) 
contribute a second Late Cretaceous pole from a paleomagnetic investigation of Late 
Cretaceous (-76 Ma) Adel Mountain volcanic rocks. These rocks lie largely east of 
the leading edge of the fold and thrust belt, and are only mildly folded and faulted 
along their southern margin. The paleomagnetic directions pass the fold test and 26 
sites yield a mean direction of Dec = 352.2®, Inc = 68.4® (095 = 4.58®) and a pole from 
associated VGP’s located at 82.0® N, 209.9® E (095 = 6.80®) (figure 9). This 
paleomagnetic pole is indistinguishable from the Paleocene-Late Cretaceous pole of 
Diehl, 1983) but lies 1-2® towards the Mid-Cretaceous stillstand pole of (Globerman
AV
EHV
FH
Figure 9. North polar projection showing location and confidence limits of Late
Cretaceous paleomagnetic poles including; Two Medicine volcanic rocks (TMV), Fort 
Hayes member of the Niobarra Formation (FH) of Acton and Gordon, 1990), Elkhom 
Volcanic rocks (EHV) of Diehl, in press, and the Adel Mountain Volcanic rocks (AV) 
of Gunderson and Sheriff, 1991.
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and Irving, 1988). Thus approximately 10® of apparent polar wander occurred between 
deposition of the Fort Hayes limestone (Acton and Gordon, 1990) and the eruption of 
Adel Mountain volcanic rocks (Gunderson and Sheriff, 1991).
The most appropriate paleomagnetic direction for comparison to the results 
from the Two Medicine Formation is Gunderson and Sheriffs (1991) paleomagnetic 
data from the Adel volcanic field. The Two Medicine Formation at -79 Ma is much 
closer in age to the -76  Ma Adel Mountain volcanic rocks than to the -87 Ma Fort 
Hayes Limestone (figure 10). Also, paleomagnetic data from the 80 Ma volcanic 
rocks of the Elkhom Mountains (Diehl, in press) give a pole located at 80.3® N, 189.5® 
E (OC95 = 9.6 ®) (figure 9). This pole is indistinguishable at the 95% confidence level 
from the 4 million year younger pole from the Adel Mountain volcanic field. This 
result suggests the greatest amount of apparent polar wander occurred before 80 Ma., 
and the Adel, Elkhom and Two Medicine poles were originally located at the present 
location of the Adel pole. Thus the Adel pole is selected as the most appropriate for 
comparison to Two Medicine paleomagnetic data.
Using the Adel Mountain volcanic field as the stable reference direction, the 
relative rotation between the Two Medicine and Adel volcanic sequences is easily 
determined. A comparison of the Two Medicine paleomagnetic direction of Dec = 
327.0®, Inc = 69.0® (OC95 = 4.76®) to the Adel paleomagnetic direction Dec = 352.2®, Inc 
= 69.0® (OC95 = 4.58®) yields a significant counterclockwise rotation, around a nearby 
vertical axis of 25.2® ± 12.0® (Beck, 1980, Demarest, 1983). Thus thrust bound Two 
Medicine rocks were rotated counterclockwise approximately 13® at the 95%
ACEL VOLCANCS
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Figure 10. Time scale showing relative ages of Late Cretaceous paleomagnetic pole 
positions. Age constraints are provided by radiometric dates (Gunderson and Sheriff, 
1991, Robinson et al., 1968) and faunal correlations (Obradovich and Cobban, 1975).
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confidence level as they were thrust along the northern margin of the Helena salient
Discussion and conclusions
Nineteen of 31 sites within the Two Medicine Formation define characteristic 
paleomagnetic directions. The reliability of these directions is substantiated by both a 
conglomerate test and a fold test which indicate the directions predate the fold and 
thrust belt. Despite the small paleomagnetic sample size in the lower thrust sheet, it 
appears to be unrotated relative to the upper thrust sheet. As these thrust sheets were 
statistically indistinguishable they were combined and averaged for comparison to an 
outside reference direction. Paleomagnetic results from the Adel Mountain volcanic 
rocks (Gunderson and Sheriff, 1991) provide the most appropriate paleomagnetic 
reference direction based on paleomagnetic and age relationships. The thrust bound 
rocks of the Two Medicine Formation are rotated counterclockwise 25® ± 12® relative 
to the autochthonous Adel Mountain Volcanic field.
Most likely, rotations measured for the thrust sheets near Wolf Creek are due 
to the effects of impingement against underlying crystalline rocks. Eldredge and Van 
der Voo (1988) proposed a similar mechanism for rotation of thrust sheets near the 
margin of the Helena salient. Additional evidence is derived firom equivalently 
thrusted rocks of the transverse zone located 130 km to the south in the Three Forks 
area (figure 11). These rocks document significant clockwise rotations (Eldredge and 
Van der Voo, 1988) in response to right-lateral displacement along a west directed 
thrust (Woodward, 1980, Schmidt et al., 1988). The results near Three Forks mirror
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those at Wolf Creek where significant left-lateral movement on thrusts (Woodward, 
1980) is coincident with counterclockwise rotations (figure 11). The paleomagnetic 
and geologic information implies that: 1) rotations associated with the Helena salient 
occur at least as far north as Wolf Creek, 2) these rotations are the result of foreland 
impingement which caused rocks of the Two Medicine formation to be dragged in a 
counterclockwise manner along the northern margin of the fold and thrust belt, and 3) 
tectonic mechanisms which operate in the Three Forks area along the southern portion 
of the Helena salient are much the same as those which operate near Wolf Creek.
Despite similarities of the Wolf Creek and Three Forks areas, there is a 
significant geologic difference between the two areas. Specifically, large scale uplifts 
in the Three Forks area juxtapose highly fragmented crystalline rocks against younger 
thrust bound sedimentary and volcanic rocks (Schmidt et al., 1988). In contrast, large 
foreland block uplifts do not outcrop in the Wolf Creek area and suggest that the 
foreland ramp may be relatively uniform and shallowly dipping. Although this margin 
appears to be fairly uniform, several geologic features in the area suggest strong 
interactions between thrusting and the foreland. The most striking is the highly 
deformed Craig anticlinorium which is a northeast verging crescent shaped structure 
(figure 2). Subsidiary structures within the anticlinorium are doubly plunging and 
overturned on their northeastern limbs. These features are suggestive of impingement 
and drag against an underlying feature such as the upwarped foreland.
Additional geologic evidence for interaction between the foreland and the thrust 
sheets is derived from a change in thrust belt structures near Wolf Creek. Northwest
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Figure 11. Regional geologic map of west-central Montana showing counterclockwise 
rotation of the Two Medicine Formation relative to the Adel Mountain volcanic rocks. 
(+) Late Cretaceous plutonism, (x) Late Cretaceous volcanism (modified after 
Robinson et al., 1968).
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of Wolf Creek, these structures form several imbricately stacked thrust sheets which 
dip moderately to the southwest. Thrusts of the imbricate stack coalesce southeast of 
Wolf Creek and form a single thrust with shallow dip and sinuous trace (Bregman, 
1976). Bregman (1976) proposed buttressing as the mechanism producing this change 
in tectonic style. Final evidence for thrust sheet foreland interaction is derived from a 
basin beneath the Adel Mountain volcanic field. This northeast trending structural 
depression (Lyons, 1944, Swenson, 1988) follows the trend of the Missouri river, and 
is over 1000 meters deep as defrned by the contact of Adel Mountain volcanic field 
with the underlying Montana Group sediments (Swenson, 1988). Models to 
characterize this structural depression (Beall, 1973, Hyndman and Alt, 1987) suggest 
the underlying sediments behaved viscously during emplacement of the volcanic rocks. 
However, a mathematical model developed by Swenson (1988) suggests that the 
structural depression is only partially explained by loading and elastic subsidence and 
therefore must have existed before Adel volcanism.
The coincidence of this trough, changes in structural style, the Craig 
anticlinorium, and observed counterclockwise rotations suggest the importance of 
interactions between the basement and overlying thrust sheets in the Wolf Creek area. 
These interactions occur despite the lack of large scale crystalline block uplifts which 
are common near Three Forks. Rotations in the Three Forks area are the result of 
drag about an obliquely oriented foreland ramp. The same mechanism explains the 
tectonic features of the Wolf Creek area. As thrust bound rocks of the Two Medicine 
Formation were carried westward they encountered the crystalline rocks of the
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foreland. The oblique orientation of the foreland relative to thrusting caused these 
thrust sheets to drag and rotate as they rode up the foreland ramp. This mechanism 
explains several tectonic features of the Wolf Creek area including; 1) the coherence 
of rotations between the lower and upper thrust sheets (this paper), 2 ) the strong 
component of left-lateral movement on thrusts (Woodward, 1980), and 3) the change 
in tectonic style near Wolf Creek (Bregman, 1976).
The northward extent of rotations in the Helena salient is unclear. However, 
north of Wolf Creek, the fold and thrust belt defines a linear northwest-southeast trend 
before reaching Haystack butte where the fold and thrust belt changes trend to nearly 
north-south (figure 11). If this change in trend results from a non-oblique orientation 
of the thrust ramp, then the rotations observed in the Wolf Creek area should not 
extend beyond Haystack Butte. Further paleomagnetic studies within thrust bound 
rocks both north and south of Haystack butte may elucidate the northward extent of 
these rotations.
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Appendix A
The paleomagnetic characteristics of each site are documented within these 
appendices. For each site the locality, location (LAT/LONG), structural orientation 
(STRIKE-DIP), samples used/collected, and lithology type are documented. In 
addition, the natural remanent magnetization (NRM) and associated magnetic dipole 
moment is documented for each specimen. Also, the primary magnetic direction 
(if any) is documented in both geographic (GEOG), and structurally corrected 
(STRAT) coordinates.
Summary statistics and average paleomagnetic directions for each site are 
documented using statistics developed by Fisher (1953). These statistics include; the 
resultant vector length (R), kappa (k), 95% confidence limits (a95), angular standard 
deviation (663), mean declination (DEC) and inclination (INC), and a Virtual 
Geomagnetic Pole (VGP) (latitude - positive north; longitude - positive east). For 
demagnetization plane data, Bingham statistics (Onstott, 1980) give the corresponding 
values for kappa (kl/k2), 95% confidence limits (a31/a32), and angular standard 
deviation (631/632).
An absence of data in some of the summary tables is due to an application of 
an arbitrary rejection criteria (see main text). Data absent from the (demag type) 
column represent specimens which failed to resolve reliable univectoral decays or 
remagnetization paths. An absence of data in the (Strat Coords) column represents 
data which is more than two standard deviations from the mean paleomagnetic 
direction.
Summary tables are followed by equal-area plots showing individual specimen
47
directions (square), site mean directions (pentagrams) and associated 95% confidence 
intervals about the mean direction. Plots are of; natural remanent directions, 
characteristic remanent directions in geographic coordinates, and characteristic 
remanent directions in stratigraphie coordinates.
SITE: 89TM01 
LOCALITY: WOLF CREEK 
LAT/LONG: 47.00/-112.07 
STRIKE-DIP: 170°-18°S 
SAMPLES: 7/10 
LITHOLOGY: WELDED TUFF
8̂
NRM GEOG. COORD. STRAT. COORDSAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
1* .041 174.0 -32.0IB* .078 300.4 -71.72 .020 221.4 -64.5 LINE 215.6 -65.3 170.6 -73.02B .113 197.1 -38.8 LINE 188.7 -44.0 170.4 -47 .03 .227 238.5 -67.7 LINE 190.2 -63.2 153.2 -63.84* .137 236.6 72.45 .185 228.2 -56.3 LINE 178.2 -54.8 153.0 -53.46 . 157 222.6 -64.2 LINE 216.7 -68.0 164.1 -75.07 .137 254.2 -73.9 LINE 222.6 -66.1 175.5 -75.78 .137 254.2 -73.9 LINE 242.4 -69.9 181. 8 -83.9
R 7 ., 65 6.83 6.83
k 3. 80 34. 71 34. 69
a95 28 .53 10. 39 10. 39
Ô63 42 .23 13. 75 13. 75
DEC 228.2 203 .3 163 .9
INC -58.2 -63 .2 -67 .7
VGP -57.1/155.8 -73.7/157.5 -78.8/2.9
* Data lost
B9ta01 1.000 -  8.0006eog Coordinate#
E q u al-A rea Thu.
NRM
2 May. 1991
270 90
1 8 0
- t rVO
+
TUFF a .000 -Geo* CoordinatesEqua1-Area
8.000 LEASTWed, 24 Apr. 1991
270 90
U1o
1 8 0
+
TUFF 2 000 -Strat Coordinate#Equa1-Area
8 000 LEASTwed. 24 Apr. 1991
270 90
VJ1
1 8 0
52
SITE: 89TM02 
LOCALITY: CARTER CREEK 
LAT/LONG: 47.03/-112.12 
STRIKE-DIP: 165°-18°S 
SAMPLES: 7/7
LITHOLOGY : VOLCANIC SANDSTONE
NRM GEOG. COORD. STRAT. COORD
SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
9 .500 334.8 57.8 CIRCLE 333.4 -36.4 347.1 -37. 9
10 .690 344.1 67.7 LINE 156.2 -42.3 141.6 -37 .3
11 .319 14.3 41.7 CIRCLE 100.7 -9.1 100.6 7.212 .399 272.8 65.0 LINE 178.1 -42.0 161.3 -43.5
13 .587 285.4 72.2 LINE 275.3 77.7 263.5 60.2
14 .488 2,2 72.2 CIRCLE 26.4 32.8 14.8 43.4
15 .332 39.1 57.3 CIRCLE 226.0 45.6 232.1 29.3
R 6.56
k. 13.73 -2.7/-.2 -2.7/-.1
a95 166.88 44.02/47.85 47.56/51.67
663 21.94 47.58/51.73 43.99/47.79
DEC 346.7 348.2 324.5
INC 68.2 54.0 51.3
VGP 80.3/-171.0 74.7/107.5 59.1/141.5
Note: Site not used in final calculation.
un l t d  9 000 -
6eoo C o o rd in a te s  
E q u s l-A res
15.000 NOM
Thu, 2 May. 1991
270 90
U1U>
1 8 0
+
unitd 9.000 -Geog CoordinatesEqual-Ares
15.000 CIRCL-LEASTTwo. 30 Apr. 1991
270 90
V J 1J=r
1 8 0
+
u n i td  9.000 - 15.000Strat CoordinatesEqual-Area
CJACL-LEASTTua. 30 Apr. 1991
270 90
U1U1
1 8 0
-f-
56
SITE: 89TM03 
LOCALITY: CARTER CREEK 
LAT/LONG: 47.03/-112.13 
STRUCTURAL CORRECTION: 190°-15°S 
SAMPLES: 6/8 
LITHOLOGY: TRACHYTE PORPHYRY
NRM GEOG. COORD. STRAT. COORD
SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
17* .324 68.3 76.1 LINE 106.8 75.8
18* .123 132.4 73.0 LINE 148.2 63.1
19 .756 40.8 68.8 LINE 29.9 71.1 345.6 70.4
20 .370 30.2 71.8 LINE 59.9 72.1 4.6 78.5
21 .503 32.3 61.5 LINE 35.4 61.8 5.7 64.7
22 .319 19.2 67.7 LINE 34.1 70.8 349.0 71.3
23 .477 18.1 69.1 LINE 34.0 68.3 354.3 69.524 .368 25.8 69.6 LINE 41.3 67.3 2.3 70.5
R 7. 85 5.97 5.97
k 46.,61 237.35 238.39
a95 8.20 4.36 4.35
663 11,.85 5.25 5.23
DEC 38 .6 38.6 356.8
INC 72 .5 68.8 71.0
VGP 64.6/— 61.2 64.8/-48.4 81.4/-124.2
* Samples not used, in final calculation.
u n i t  9  17 .000 -
Geoo C o o rd in a te s  
E qual-A rea
2 4 .0 0 0
Thu,
NAM
2 May. 1991
270 90
VJ1
1 8 0
unit e 19 000 - 24.000Geog CoordinatesEqual-Area
LEASTTue. 30 Apr. 1991
270 90
V J l
O O
1 8 0
4 -
u n i t  e 19.000  -  
S t r a t  C o o rd in a te s  
E q u a l 'A re a
24.000 LEASTTue, 30 Apr. 1991
270 90
1 8 0
v nVO
4-
SITE: 89TM04 
LOCALITY: DEAD MAN COULEE 
LAT/LONG: 47.15/-112.15 
STRIKE-DIP: 165°-28°SW 
SAMPLES: 7/8 (5 DRILLED SAMPLES, 2 HAND SAMPLES) 
LITHOLOGY: WELDED TUFF
60
NRM GEOG. COORD. STRAT. COORDSAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
25# .055 202.8 -47.9 LINE 198.7 -55.8 151.4 -61.326# .076 191.4 -54.5 LINE 181.0 -66.1 124.7 -59.327* 7 .620 298.7 67.1 LINE
28 .927 190.9 -56.7 LINE 193.1 -57.0 145.8 -59.4
29 .522 189.0 -55.9 LINE 189.4 -55.8 145.3 -57.1
30$ .829 247.2 -50.9 LINE 218.7 -61.3 151.2 -73.0
31 .173 207.2 -53.5 LINE 206.8 -54.2 160.2 -64.032 .433 227.5 -49.5 LINE 222.5 -53.5 176.6 -70.9
R 6. 12 6.92 6. 92
k 3. 72 79. 44 79..62
a95 33 .28 6.81 6. 81
663 42 .83 9.07 9. 06
DEC 214.1 202 .2 148.9
INC -49.3 -58 .4 -64.3
VGP -58.8/178.5 -72.0/176.3 -68.7/ -13.6
# Oriented hand sample A.
$ Oriented hand sample B.
* Samples not used in final calculation
TUFF 25 000 -Geog CoordinatesEqua1-Area
32.000 NRM
Thu. 2  May. 1991
270 90
Ch
1 8 0
TUFF 25.000 -Geog CoordinatesEqual-Ares
32.000 least
Tue. 30 Apr. 1991
270 90
1 8 0
0\r o
+
TUFF 25.000 -Strat CoordinatesEqual-Area
32.000 LEASTTue. 30 Apr. 1991
270 90
a\
OO
1 8 0
+
SITE: 89TM05 
LOCALITY: WOLF CREEK 
LAT/LONG: 47.01/-112.07 
STRIKE-DIP: 155*-22°S 
SAMPLES: 4/8 
LITHOLOGY: LATITE PORPHYRY
64
NRM GEOG. COORD. STRAT. COORD.SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
33 .249 164.7 -19.4 LINE 172.5 -47.4 147 . 4 -49.334 .571 320.8 62.1 CIRCLE 101.8 38.9 118.8 54.735 .378 353.5 66.6 CIRCLE 109.6 11.936 .353 350.3 71.8 LINE 340.2 68.737 -239 12.9 73.9 CIRCLE 106.3 7.238 .440 313.8 72.5 CIRCLE 69.8 11.939 .373 2.2 73.3 CIRCLE 100.2 12.3 105.5 29.840 .299 318.9 70.5 LINE 181.7 -43.5 158.9 -49.5
R
k
a95
663
DEC
INC
VGP
6.36
4.28
30.38
39.86
336.6
78.4
66.1/-133.9
-30.0/-2.1
10.79/18.88
8.82/15.43
352.2
40.0
65.0/85.1
-30.1/-2 .1 
10.79/18.87 
8.82/15.42 
332.7
42.8 
59.0/121.8
Note: Site not used in final calculation.
unltb 33.000 -Geog Coordinate#Equel-Aree
40.000
Thu.
NAM 
2 Mey. 1991
270 90
c r \
1 8 0
4-
Unitb 33.000 -Geog CoordinatesEqual-Area
40,000 LEAST-CIACL 
Tue. 30 Apr. 199!
270 90
1 8 0
Ch
+
Unitb 33.000 -Strst CoordinatesEqual-Area
40.000 LEAST-CIRCL 
Tue, 30 Apr. 1991
270 90
1 8 0
+
68
SITE: 89TM06 
LOCALITY: DEAD MAN COULEE 
LAT/LONG: 47.15/-112.15 
STRIKE-DIP: 165°-28°S 
SAMPLES: 8/8 
LITHOLOGY: LATITE PORPHYRY
NRM GEOG. COORD. STRAT. COORDSAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
41 . 187 207.5 16.8 LINE 198.3 -41.6 169.7 -51.242 .277 198.1 -15.0 LINE 188.5 -51.1 150.9 -53.643 .172 200.1 42.2 LINE 184.6 -35.5 162.6 -39.944 .187 210.6 16.5 LINE 195.5 -42.2 166.5 -50.345 .134 198.0 8.0 LINE 194.7 -43.5 164.5 -51.046 .543 190.3 -33.5 LINE 189.3 -48.4 154.7 -52.047 .255 229.1 -19.5 LINE 192.6 -43.2 163.0 -49.748 .148 205.6 47.5 LINE 189.7 -40.8 162.6 -46.5
R 7. 00 7.96 7. 96
k 7. 01 196.43 196 .27
a95 22 .51 3.96 3. 96
Ô63 30 .89 5.77 5. 77
DEC 205.1 191.6 162.0
INC 8 .0 -43.4 -49.4
VGP -34.2/ -143.0 -66.3/-139.1 -68.1/ -66.2
UNITC 41.000 -Geog CoordinatesEqual-Area
48.000 NRM
Thu. 2 May. 1991
270 90
Ch
VO
1 6 0
+
u n itB  41 .000  -  48 .000
Geog C o o rd in a te*  
E gu a l-A rea
I May. 1991
-4 90
270
~ n1O
1 8 0 +
unltB 41.000 -Strst CoordinatesEqual-Area
46.000 LEAST
Wed. 1 May. 1991
270 90
1 8 0
+
SITE: 89TM07 
LOCALITY: DEAD MAN COULEE 
LAT/LONG: 47.16/-112.15 
STRIKE-DIP: 170°-30°S 
SAMPLES: 5/8 
LITHOLOGY: LATITE PORPHYRY
72
NRM GEOG. COORD. STRAT. COORDSAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
49 .156 256.7 -18.7
50 .273 53.9 83.7 LINE 183.3 -32.9 162.7 -34.551 .972 16.8 53.9 CIRCLE 119.7 -5.8 121.7 17.252 .248 21.2 55.9 CIRCLE 124.4 5.9 131.0 26.453 .209 325.9 76.054 .388 322.1 58.155 .190 235.5 85.2 LINE 217.3 -25.2 200.6 -44.556 .225 353.7 82.3 LINE 193.9 -23.7 178.2 -32.2
R
k
a95
Ô63
DEC
INC
VGP
6.41
4.40
29.82
39.27
328.5
72.6
68.3/-160.9
-22.5/-1.7
11.54/18.32
10.54/16.73
26.5
28.3
51.2/24.5
-22.6/-1.7
11.55/18.34
10.55/16.75
6.9
42.2
66.7/51.9
Note: Site not used in final calculations. 
* Samples not used in final calulation.
VOLCB 49.000 -Geog CoordinatesEqual-Area
56.000 Thu. NRM2 May. 1991
270 90
1 8 0
UNITB 50.000 -Geog CoordinatesEqual-Area
56.000 LEAST-CIRCL 
Wed, 1 Hay. 1991
270 90
1 8 0
UNITB 50 000 -Strat CoordinatesEqual-Area
56.000 LEAST-CinCL 
Wed. 1 Hay. 1991
270 90
VJl
1 8 0
SITE: 89TM08 
LOCALITY: DEAD MAN COULEE 
LAT/LONG: 47.14/-112.16 
STRIKE-DIP: 147°-30°SW 
SAMPLES: 6/8 
LITHOLOGY: VOLCANIC SANDSTONE
76
NRMSAMPLE GEOG. COORD. STRAT. COORD.Mo DEC INC
57 7.92 303.4 43.7
58 7.62 313.6 53.059 3.26 304.8 54.460 .98 13.3 59.161* 1.67 3.8 42.662 2.20 57.7 46.263 1.32 41.2 50.864 1.56 44.8 38.5
DEMAG TYPE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
DEC INC DEC INC
312.4 50.9 286.3 36.4
333.1 61.7 286.9 52.018.5 62.1 303.9 71.5
7.3 62.6 299.0 66.6
146.3 74.9181.5 76.8 219.6 51.2
14.4 - 26.8 19.7 -3.5
R
k
a95
Ô63
DEC
INC
VGP
7.06 
7.43 
21.77 
29.98
3.1
57.6 
80.8/52.7
4.62
3.63 
40 . 95 
43.42
353.8
58.7
81.1/100.2
4.62
3.64
40.89
43.38
301.2
59.0
47.7/170.2
*Data lost.
Note: Site not used in final calculation
unltH 57 000 -
OeoQ C o o rd in a te s
E qual-A res
64.000 NAM
Thu. 2 May. 1991
270 90
1 8 0
+
ynltH 57.000 - 64.000Geog CoordinatesEqual-Area
LEASTWed. 1 Hay. 1991
270
1 8 0
90
OO
+
unltH 57.000 -Strat CoordinatesEqual-Area
64.000 LEASTWed. 1 Hay. 1991
270 f- 90
VO
1 8 0
+
SITE: 89TM09 
LOCALITY: DEAD MAN COULEE 
LAT/LONG: 47.14/-112.16 
STRIKE-DIP: 147°-30°SW 
SAMPLES: 6/8 
LITHOLOGY: VOLCANIC SANDSTONE
80
NRM GEOG. COORD. STRAT. COORD.SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
65 .389 9.3 66.6 LINE 7.0 53.5 318.1 62.666 .379 343.9 82.0 LINE 10.2 60.9 304.3 67.467 .396 337.4 52.5 LINE 2.0 61.1 300.5 63.768 .217 343.1 64.0 LINE 46.2 64.0 283.8 83.6
69* .331 254.6 45.4 LINE 258.1 35.6
70 .382 4.9 85.8 LINE 12.9 65.3 293.4 69.571 . 644 29.1 73.8 LINE 27.0 52.1 339.3 71.772* .732 327.0 48.9 LINE 358.2 -68.9
R
k
a95
663
DEC
INC
VGP
7.46
12.93
16.01
22.62
330.7
70.3
70.3/-169.6
5.92
71.04
8 . 0 0
9.60
17.1
60.3
76.4/-2.S
5.93
70.89
8 . 0 1
9.61
308.8
70.4
57.6/-169.6
* Samples not used in final calculation.
UNIT H 65.000 -Geog Coordinate#Equal-Area
72.000 Thu. NRM 2 Nay. 1991
270 90
OOh=>
1 8 0
+
UNIT H 65.000 - 71.000Geog CoordinatesEqual-Area
LEASTWed, 1 May. 1991
270 90
C Drv)
1 8 0
+
UNIT H 65.000 -Strat CoordinatesEqual-Area
71.000 LEASTWed, 1 May. 1991
270 \-
CO
LO
1 8 0
+
84
SITE: 89TM10 
LOCALITY: DEAD MAN COULEE 
LAT/LONG: 47.14/-112.16 
STRIKE-DIP: 150°-30°SW 
SAMPLES: 8/8 
LITHOLOGY: VOLCANIC SANDSTONE
NRM GEOG. COORD. STRAT. COORD
SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
73 .324 327.8 66.5 LINE 343.6 66.5 285.8 57.2
74 .615 15.2 71.4 LINE 4.0 62.4 300.3 63.8
75 .394 358.6 71.4 LINE 12.3 69.2 285.3 68.3
76 .348 356.4 79.3 LINE 7.1 65.9 293.4 66.077 .335 1.2 78.0 LINE 10.5 64.2 298.0 67.1
78 .448 202.5 59.4 LINE 8.0 70.0 283.1 66.8
79 .282 177.7 72.7 LINE 6.1 64.8 295.6 65.4
80 .302 214.2 64.7 LINE 19.7 62.5 305.1 70.8
R 7.52 7.97 7.97
k 14.53 252.36 251.65
a95 15.04 3.49 3.50
Ô63 21.32 5.09 5.09
DEC 292.6 6.6 292.9
INC 85.3 66.0 65.8
VGP 50.0/-125.6 85.4/-39.3 46.3/-175.0
UNIT H 73.000 - 80.000
Geoo C o o rd in a te s  
E q u a l-A rea
NRM
Thu. 2  Hey. 1991
90270 h
OO
\J1
1 8 0
+
UNIT H 73.000 -Geoo Coordinate*Equal-Area
80 000 LEASTWed, 1 Hay. 1991
270 90
OOo\
1 8 0
+
UNIT H 73.000 -Strat CoordinatesEqual-Area
60.000 LEASTWed. 1 May. 1991
270 90
OO
1 8 0
+
88
SITE: 8 9TM11 
LOCALITY: DEARBORN RIVER 
LAT/LONG: 47.22/-112.24 
STRIKE-DIP: 120°-30°SW 
SAMPLES: 7/8 
LITHOLOGY: WELDED TUFF
NRM GEOG. COORD. STRAT. COORDAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
81* 003 164.0 -29.8 LINE 159.8 -38.8
82 002 192.9 -54.6 LINE 191.3 -69.6 61.5 -77.683 003 178.9 -56.2 LINE 175.2 -59.8 105.4 -72.7
84 003 177.3 -66.2 LINE 208.2 -68.8 34.2 -81.2
85 002 185.9 -50.8 LINE 191.7 -60.4 109.8 -80.9
86 004 211.2 -36.7 LINE 196.9 -45.5 175.8 -73.687 004 229.3 -49.9 LINE 194.1 -58.7 122.1 -81.8
88 003 202.2 -61.6 LINE 176.6 -69.4 72.3 -73.2
R 7.65 6. 91 6.90
k 19. 82 65,.28 65.39
a95 12. 75 7. 53 7.52
Ô63 18. 23 10,.01 10.00
DEC 192 .5 190.8 98.7
INC -52 .6 -62.1 -80.5
VGP -73.1/--150.8 -81.5/ -179.6 -46.8/40.5
Sample not used in final calulation.
TUFF 01.000 - 08.000
6000 Coord m a  to o  
E q u a l-A re a
Thu. 2%Y- *991
270
90
COVO
1 0 0 +
TUFF 82 000 -
Geoo CoordinatesEqual-Ares
88.000 LEASTWed. 1 May. 1991
270 90
VOO
1 8 0
TUFF 82.000 -Strat CoordinatesEqual-Area
88.000 LEASTWed. 1 May. 1991
270 90
VOM
1 8 0
4 "
SITE: 89TM12 
LOCALITY: WOLF CREEK 
LAT/LONG: 47.00/-112.06 
STRIKE-DIP: 145°-32°SW 
SAMPLES: 8/8 
LITHOLOGY: LATITE PORPHYRY STOCK
92
NRM GEOG. COORD. STRAT. COORD.
SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
89 .134 206.2 -57.8 LINE 223.3 -62.6 101,8 -82.6
90 .379 214.3 -49.4 LINE 201.9 -57.4 132.9 -72.5
91 .319 223.9 -54.3 LINE 210.4 -59.5 127.9 -77.2
92 .132 218.8 -41.8 LINE 205.5 -57.4 134.4 -7 4.3
93 .431 214.5 -65,0 LINE 208.0 -59.9 125.8 -7 6.0
94 .214 219.6 -36.7 LINE 212.0 -56,9 140.3 -77.7
95 .245 210.0 -46.1 LINE 181.7 -59.1 119.8 -62.9
96 .150 209.7 -34.3 LINE 209.1 -59.4 128.0 -76.6
R 7. 85 7.96 7 .96
k 47 .81 170. 60 170.77
a95 8. 09 4.25 4 .25
Ô63 11 .71 6.19 6.19
DEC 214.6 206 .3 127.1
INC -48.9 -59 .5 -75.2
VGP -58.3/178.3 -69.9/167.8 -57. 0/24.6
STOCK 89 000 -GeoQ CoordinatesEqual-Area
96.000
Thu. NAM 2  Nay. 1991
270
□  □
90
VO
UO
1 8 0
+
STOCK 89.000 - 96.000SeoQ CoordinatesEqua1-Area
LEASTWad, 1 May. 1991
270 90
VOZr
1 8 0
+
STOCK 89.000 -Strat CoordinatesEqual-Area
98.000 LEASTWad. 1 May. 1991
270 90
V£)
VJl
1 8 0
+
SITE: 89TM13 
LOCALITY: WOLF CREEK 
LAT/LONG: 47.01/-112.07 
STRIKE-DIP: 145°-32°SW 
SAMPLES: 7/8 
LITHOLOGY: LATITE PORPHYRY STOCK
96
NRM GEOG. COORD. STRAT. COORD.SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
97 .251 7.7 78.7 LINE 214.3 -48.1 174.8 -74.3
98* .378 33.9 72.3 LINE 244.2 45.7
99 .198 341.2 75.4 LINE 213.8 -52.3 161.3 -7 6.7
100 .167 44.0 83.4 LINE 221.7 -54.9 162.5 -82.0
101 .076 253.1 -49.7 LINE 211.8 -57.4 138.1 -77.6
102 .153 17.7 66.9 LINE 208.3 -60.6 123.0 -76.2
103 .383 352.3 74.8 LINE 215.2 -42.8 187.2 -70.4
104 .395 23.0 73.3 LINE 205.4 -42.5 172.1 -65.9
R
k
a95
Ô63
DEC
INC
VGP
6.16
3.80
32.83
42.38
351.2
75.9
72.9/-125.5
6.95
109.06
5.81
7.74
212.9
-51.3
-60.8/177.1
6.95
109.80
5.79
7.72
163.2
-75.7
-71.5/43.4
* Samples not used in final calculation
STOCK 97.000 - 104.000Geog CoordinatesEqual-Area Thu,
NAM 
2 May. 1991
270 90
vû
1 8 0
+
STOCK 97.000 - 104.000GeoQ CoordinatesEqual-Area
LEASTWed. 1 May. 1991
270 90
VÛ00
1 8 0
+
STOCK 97.000 - 104.000Strat CoordinatesEqual-Area
LEASTWed. 1 May. 1991
270 90
VO
VO
1 8 0
+
100
SITE: 89TM14 
LOCALITY: WOLF CREEK 
LAT/LONG: 47.00/-112.06 
STRIKE-DIP: 170°-35°SW 
SAMPLES: 8/8 
LITHOLOGY: LATITE PORPHYRY STOCK
NRM GEOG. COORD. STRAT. COORD.
SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
105 .214 11.8 71.8 LINE 186.2 -62.2 128.3 -53.1
106 .219 345.2 76.8 LINE 256.7 -77.3 81.9 -67.6
107 .280 15.0 71.5 LINE 28.9 68.8 298.9 63.4
108 .205 27.4 72.3 LINE 246.5 -70.3 96.1 -73.6
109 .203 31.4 73.4 LINE 314.0 -23.0 333.6 -39.1
110 .169 90.6 69.2 LINE 345.0 77.4 280.7 52.1
111 .177 6.0 70.5 LINE 278.1 -3.4 282.7 -36.4
112 .107 31.9 71.5 LINE 10.2 -40.1 29.2 -22.1
R 7.91 3.13 3.13
k 76.52 1.44 1.44
a95 6.37 80.16 80.16
663 9.25 68.13 68.13
DEC 25.7 305.6 341.9
INC 74.2 -39.4 -56.1
VGP 70.0/-73.5 5.2/117.0 4.8/82.5
Site not used in final calculation
STOCK 109.000 - 112.000Geog CoordinatesEqual-Area Thu.
NRM 
2 May. 1991
270 90
1 8 0
OH»
4 "
STOCK 105.000 - 112.000Geog CoordinatesEqual-Area
LEASTWed. 1 May. 1991
270 90
1 8 0
8
4-
STOCK 105.000 - 112.000Strat Coordinate#Equal-Araa
LEASTWad, 1 Hay. 1991
270
1 8 0
90
OW
+
104
SITE: 89TM15 
LOCALITY: WOLF CREEK 
LAT/LONG: 47 . 00/-112.08 
STRIKE-DIP: 160®-22°SW 
SAMPLES: 8/8 
LITHOLOGY: WELDED TUFF
NRM GEOG. COORD. STRAT. COORD
SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
113 .013 217.0 -74.2 LINE 206.6 -69.2 135.6 -74.4
114 .016 214.3 -66.9 LINE 210.1 -66.3 147.5 -74.7
115 .022 214.7 -77.1 LINE 208.3 -75.4 111.6 -75.4
116 .018 204.9 -78.6 LINE 207.8 -77.7 103.2 -74.8
117 .013 217.8 -67.1 LINE 207.8 -64.9 150.3 -73.2
118 .007 246.4 -85.4 LINE 210.8 -80.5 92.5 -74.2
119 .008 204.1 -52.5 LINE 210.2 -60.1 165.5 -71.3
120 .009 213.1 -65.7 LINE 202.6 -63.4 150.8 -70.5
R 7. 88 7.94 7. 94
k 60 .19 119.,15 118 .89
a95 7.20 5.10 5. 10
663 10 .43 7.41 7. 42
DEC 212.8 207 .8 134.1
INC -71.1 -69 .7 -75.0
VGP -68.0/122.7 -71.2/127.4 -60.3/24.6
TUFF 113.000 - 120.000Geoo CoordinatesEqual-Area
NAM
Wed. 1 May. 1991
270 90
1 6 0
O
U1
+
TUFF 113.000 - 120.000Geog CoordinatesEquel-Aree
LEASTWed, 1 Hoy. 1991
270 H 90
1 8 0
Oa \
4-
TUFF 113.000 - 120 000Strat CoordinatesEqual-Area
LEASTWed, 1 Nay. 1991
270 h- 90
1 8 0
4-
SITE: 89TM16 
LOCALITY: WOLF CREEK 
LAT/LONG: 47.02/-112.10 
STRIKE-DIP: 120°-15°S 
SAMPLES : 8/8 
LITHOLOGY: WELDED TUFF
108
NRM GEOG. COORD. STRAT. COORD.
SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
121 1.42 157.2 -51.2 LINE 161.8 -52.6 142.2 -60.7
122 0.91 147.3 -52.4 LINE 152.5 -56.1 129.0 — 61.5
123 2.03 151.9 —51.3 LINE 153.3 -53.6 132.1 -59.5124 2.27 142.5 -49.1 LINE 145.3 -51.3 125.7 -55.4
125 2.46 153.1 -55.9 LINE 157.6 -59.3 131.0 -65.6
126 3.46 148.0 -53.4 LINE 149.5 -54.6 127.3 -59.4
127 2.11 152.6 -50.5 LINE 155.7 -54.4 134.0 -60.9
128 1.64 142.8 -48.6 LINE 148.8 -51.9 128.7 -56.8
R
k
a95
663
DEC
INC
VGP
7.98 
404 .88
2.76
4.02 
149.3 
-51.7 
-62.4/-43.4
7.98
400.30
2.77
4.04
152.9
-54.3
-66.4/-43.4
7.98
403.93
2.76
4.02
131.1
-60.1
-54.9/-13.8
TUFF 121.000 - 128.000Geog CoordinatesEqual-Area
NRM
Wed. 1 Hay. 1991
270 90
1 8 0
MO
VO
+
TUFF 121.000 - 128.000Geog CoordinatesEqual-Area
LEASTWed, 1 May. 1991
270 90
1 8 0
+
TUFF 121.000 - 120.000Strat Coordinate#Equal-Area
liadf̂  1 May. 1991
270 90
1 8 0 +
112
SITE: 89TM17 
LOCALITY: CARTER CREEK 
LAT/LONG: 47.05/-112.10 
STRIKE-DIP: 245°-15°NW 
SAMPLES: 7/8 
LITHOLOGY: WELDED TUFF
NRM GEOG. COORD. STRAT. COORD.SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
129 .021 36.0 76.6 LINE 14.5 82.4 348.4 68.6130 .054 4.3 67.8 LINE 331.8 65.4 332.9 50.4
131 .056 346.8 75.1 LINE 311.0 75.2 322.7 60.9132 .026 359.7 68.6 LINE 322.2 79.9 329.7 65.0
133 .055 27.6 73.0 LINE 335.1 87.6 335.0 72.6134 .017 307.7 56.9 LINE 318.5 69.8 325.1 55.2
135 .033 317.9 76.5 LINE 321.3 77.2 328.5 62.4136* .074 36.0 71.7 LINE 229.3 76.5
R 7.83 6.93 6.93
k 40.95 92.27 92.30
a95 8.76 6.32 6.32
863 12.65 8.42 8.42
DEC 355.7 326.3 330.9
INC 73.6 77.3 62.4
VGP 77.2/-121.9 64.2/-143.8 69.4/159.2
* Sample not used in final calculation.
UNITH 129.000 - 136.000Geoo Coordinate*Equel-Aree Wed,
NRM
1 Hey. 1991
270 H 90
1 8 0
UO
+
UNITH ^ 129.000 - 139.000Geoo Coordinate#Equal-Area
LEASTNed. 1 Hay. 1991
270 H
1 8 0
H
-fc:
+
UNITH 129.000 - 135.000Strat CoordinatesEqual-Area
LEASTWed. 1 May. 1991
270 90
1 8 0
«-*
U1
+
116
SITE: 89TM18 
LOCALITY: CARTER CREEK 
LAT/LONG: 47.05/-112.12 
STRIKE-DIP: 195°-15°W 
SAMPLES: 8/8 
LITHOLOGY: MUDSTONE
NRM GEOG. COORD. STRAT. COORD
SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
137 .026 4.3 62.7 LINE 355.0 82.3 307.6 71.0
138 .036 321.4 68.4 LINE 317.1 61.5 307.3 48 .1
139 .010 341.2 64.1 LINE 339.7 71.9 316.1 60.6
140 .009 333.9 59.0 LINE 340.9 64.7 322.2 54.3
141 .015 299.5 72.5 LINE 329.7 64.8 314.7 52.7
142 .007 324.9 77.7 LINE 339.3 81.8 304.0 69.1
143 .009 349.4 65.8 LINE 347.0 67.1 324.6 57.4144 .009 322.2 78.7 LINE 329.7 75.6 307.5 62.9
R 7.89 7.92 7.92
k 65.46 84.24 84.37
a95 6.90 6.07 6.07
Ô63 10.00 8.81 8.80
DEC 335.5 335.0 313.7
INC 69.6 71.5 59.7
VGP 73.2/-171.0 72.1/-162.0 56.5/164.0
UNITH 137.000 - 144.000Geo* Coordinate#Equa1-Area
NAM
Wed. 1 May. 1991
270 H
1 8 0
+
UNITH 137.000 - 144.000Oeog CoordinatesEquo1-Area
LEASTWed, 1 May. 1991
270 90
OO
1 8 0
4 -
UNITH 137,000 - 144.000Strat CoordinatesEqual-Area
LEASTWad, 1 May. 1991
270 90
1 8 0
VÛ
4-
120
SITE: 89TM19 
LOCALITY: CARTER CREEK 
LAT/LONG: 47.03/-112.13 
STRIKE-DIP: 195°-20°W 
SAMPLES: 8/8
LITHOLOGY: TRACHYTE
NRM
PORPHYRY
GEOG. COORD. STRAT. COORD
SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
145 0.46 44.2 66.2 LINE 46.0 66.7 355.1 68.9
146 0.90 44.7 64.0 LINE 46.4 63.6 1.8 67.1
147 0.77 42.6 64.8 LINE 39.1 64.1 355.6 65.0
148 1.07 81.1 67.6 LINE 41.0 66.6 352.2 67.2
149 1.05 44.2 66.1 LINE 39.3 65.3 353.7 65.9
150 0.51 43.4 65.5 LINE 45.5 65.3 357.9 67.9
151 0.75 35.3 65.9 LINE 41.7 63.8 358.1 65.6
152 0.49 42.1 68.8 LINE 46.9 68.8 350.4 70.3
R 7.96 7. 99 7. 99
k 206.01 1310.14 1295.68
a95 3.87 1. 53 1. 54
Ô63 5.63 2.23 2. 24
DEC 46.7 43 .2 355.7
INC 66.6 65 .6 67 .3
VGP 59.2/-43.6 61.1/-39.7 85.9/--153.9
UNITE 145.000 - 152.000Geog CoordinatesEqual-Area
NRM
Wad. 1 May. 1991
270 90
ro
1 8 0
4-
UNITE 145.000 - 152.000Geog CoordinatesEqual-Area
LEASTNed. 1 May. 1991
270 90
Kro
1 8 0
UNITE 145.000 - 152.000Strat CoordinatesEqual-Area
LEASTWed. 1 May. 1991
270 90
fV)w
1 8 0
+
SITE: 89TM20 
LOCALITY: DEARBORN RIVER 
LAT/LONG: 47.22/-112.24 
STRIKE-DIP: 125°-30°SW 
SAMPLES: 6/7 (5 ORIENTED HAND SAMPLES) 
LITHOLOGY: WELDED TUFF
124
NRM GEOG. COORD. STRAT. COORD
SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
161A .008 194.2 -44.6 LINE 191.8 -37.9 171.0 -63.4
162A .010 172.3 -47.3 LINE 203.5 -55.4 156.8 -82.3163B .007 194.4 -48.0 LINE 190.6 -53.8 139.4 -75.4
164C .008 214.4 -53.1 LINE 192.6 -50.7 151.5 -74.4
165D .006 200.1 -43.6 LINE 207.0 -42.3 195.9 -71.6
166D .006 212.9 -53.2 LINE 210.9 -52.3 196.6 -82.0
167E* .009 123.5 -83.0 LINE 112.0 -83.8
R 6.71 5.94 5.94
k 20 .98 79.79 79.62
a95 13.49 7.55 7.55
663 17.71 9.05 9.06
DEC 195.8 199.3 168.6
INC -54.5 -49.0 -75.8
VGP -73.0/-161.9 -67.2/-159.8 -72.9/50.0
* Samples not used in final calculation. 
Note: letter indicates oriented hand sample.
TUFF 161.000 - 167.000Geo* Coordinate#Equal-Area Ned. 1 Hay. 1991
270 90
1 8 0
W
VJl
+
TUFF 161.000 - 166.000Geoo CoordinatesEqual-Area
LEASTWed, 1 Hay. 1991
270 90
r uo \
1 8 0
TUFF 161.000 - 166.000Strat CoordinatesEqual-Area
LEASTWed, 1 Hay. 1991
270 90
1 8 0
ro
+
SITE: 89TM21 
LOCALITY: DEARBORN RIVER 
LAT/LONG: 47.22/-112.24 
STRIKE-DIP: 145°-25®SW 
SAMPLES: 2/9 
LITHOLOGY: VOLCANIC SANDSTONE
128
NRM GEOG. COORD. STRAT. COORD.SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
169
170
171
172
173
174
175 
176A 
176B
.004
.003
.005
.004
.004
.006
.004
.003
.007
22.1 61.5
11.3 66.4
344.0 58.8
351.0 59.4
337.6 61.0
346.7 73.4 
2.6 71.2
19.5 76.4
19.4 70.7
CIRCLE
LINE
103.9 -14.6 
328.4 62.7
101.9 2.3 
287.6 54.8
R 8.89
k 72.46 -10.2/-2.3 -10.2/-2.3
a95 6.09 27.31/55.92 27.29/55.88
Ô63 9.50 15.78/32.31 15.77/32.29
DEC 359.8 22.4 299.0
INC 67.4 67.7 76.8
VGP 87.0/-114.7 75.0/-43.7 53.5/-150.9
Note: Site weakly magnetized, not used in final calculation.
UNIT 0 169.000 * 176.000BGeog CoordinatesEqusl-Area
NRM
Wed, 1 Hay. 1991
270 H 90
1 8 0
ro
+
UNIT 0 169.000 - 171.000
Geog C o o rd in a te s  
E q u a l-A re a
CIRCL-LEASTWed, 1 May, 1991
270 90
1 8 0
LOO
+
UNIT 0 169.000 - 171.000Strat CoordinatesEqual-Area
CIRCL-LEASTWed. 1 May. 1991
270 90
1 8 0
4-
132
SITE: 89TM22 
LOCALITY: WOLF CREEK 
LAT/LONG: 47.01/-112.07 
STRIKE-DIP: 155°-15°SW 
SAMPLES: 8/8 
LITHOLOGY: LATITE FLOW
NRM GEOG. COORD. STRAT. COORD
SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
177 .213 168.1 -8.8 LINE 179.4 -46.2 163.1 -50.5
178 .202 111.2 77.3 LINE 173.9 -47.8 156.6 -50.5
179 .223 21.6 73.5 LINE 159.6 -51.6 140.9 -50.3
180 .092 144.0 47.2 LINE 177.8 -46.2 161.5 -50.1
181 .207 21.1 78.8 LINE 162.5 -43.1 148.3 -43.3
182 .099 151.8 17.9 LINE 160.4 -41.1 147.3 -40.8
183 .138 173.0 16.5 LINE 179.7 -63.5 147.8 -65.9
184 .166 164.4 16.9 LINE 168.5 -36.2 157.1 -38.2
R 6.11 7.90 7. 89
k 3.71 66. 89 66 .74
a95 33.39 6.82 6. 83
563 42.94 9.89 9. 90
DEC 154.9 169 .7 153.0
INC 45.8 -47 .2 -48.9
VGP -12.4/-89.4 -69.7/ -85.1 -63.0/-51.9
pH “coô SM,-
E q u a l-A re a NRMWed, 1 May. 1991
270 h
90
160
HU>W
+
UNIT B 177.000 - 184.000Geog CoordinatesEqual-Area
LEASTWed, 1 Hay. 1991
270 h 90
160
uo
+
UNIT B 177.000 - 184.000
Strat Coordinate#Equal-Area
Hedf^ 1 May. 1991
270 90
1 8 0
uo
+
SITE: 8 9TM23 
LOCALITY: WOLF CREEK 
LAT/LONG: 47.01/-112.08 
STRIKE-DIP: 170°-18°W 
SAMPLES: 7/8 
LITHOLOGY: WELDED TUFF
1 3 6
NRM GEOG. COORD. STRAT. COORDSAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
185* .045 28.1 69.0 CIRCLE 15.1 —3 6.3186 .004 218.1 -65.5 LINE 174.8 -58.9 146.5 -55.9187 . 014 222.9 -5.2 LINE 210.6 -60.8 174.9 -68.2188 .008 211.9 -57.6 LINE 198.7 -59.6 165.5 -63.5189 .022 12.3 65.9 LINE 197.4 -63.4 158 .5 — 66.1190 .017 338.4 74 . 9 LINE 214.0 -56.7 184.8 -65.9191 .046 195.3 -24.5 LINE 195.8 -55.4 167.8 -59.2192 .050 170.8 -58.5 LINE 192.2 -61.7 156.9 -63.2
R
k
a95
6 6 3
DEC
INC
VGP
2.31
1.23
108.41
72.41
213.8
-7 . 5 
-37.8/-156.7
6.95
129.83
5.32
7.10
197.8
-60.1
-75.9/176.9
6.95
129.72
5.32
7.10
164.0
-63.6
-78.8/-25.2
Samples not used, in  f in a l  c a lc u la t io n
u -  NRMM«d. 1 May. 1991
270
180
90
MW-N
+
TUFF 186.000 - 192.000Geog Coordinates
Equal-Area
LEAST
Wed. 1 Nay. 1991
270 90
180
U)
00
TUFF 186.000 - 192.000
Strat CoordinatesEqual-Area
LEASTWed, 1 Hay. 1991
270 90
1 8 0
140
SAMPLE Mo DEC INC193 .001 310.8 29.0
194 .000 223.6 -54.1
195 .005 318.6 -54.7
196 .000 87.1 4.3197 .000 271.7 28.5
198 .000 336.3 52.7
199 .000 290.3 72.1
200 .000 281.0 27.3
R 3. 51
k 1. 56
a95 71 .62
Ô63 65 .89
SITE: 89TM24 
LOCALITY: DEARBORN RIVER 
LAT/LONG: 47.21/-112.24 
STRIKE-DIP: 147°-34°SW 
SAMPLES: 0/8 
LITHOLOGY: AIR FALL TUFF
NRM________  GEOG. COORD. STRAT. COORD
DEMAG TYPE DEC INC DEC INC
DEC 2 98.5
INC 27.5
VGP 29.9/146.6
N o t e :  S i t e  w e a k l y  m a g n e t i z e d  a n d  n o t  u s e d  i n  f i n a l  c a l c u l a t i o n
TUFF 193.000 - 200.000
Geoo CoordinatesEqual-Area
NRMWed. 1 May. 1991
270 h 90
-trH
1 8 0
142
SAMPLE Mo DEC INC201 .001 18.8 -26.2
202*
203 .000 296.8 -10.7
204 .000 333.0 54.3
205 .000 287.5 39.0
206 .000 150.7 55.0207 .000 133.3 56.1
208 .000 163.2 69.5
SITE: 89TM25 
LOCALITY: DEARBORN RIVER 
LAT/LONG: 47.21/-112.25 
STRIKE-DIP: 135°-42®SW 
SAMPLES: 0/8 
LITHOLOGY: AIR FALL TUFF
NRM_______  GEOG. COORD. STRAT. COORD
DEMAG TYPE DEC INC DEC INC
R 3.59
k 1.76
a95 67.34
663 62.42
DEC 315.8
INC 71.2
VGP 61.7/-168.1
* Sample not recovered in field.Note: Site weakly magnetized and not used in final calculations
TUFF 201.000 - 208.000Geog Coordinates
Equo1-Area
NRM
Wed, 1 Nay. 1991
270 90
180
J rLO
144
SAMPLE Mo DEC INC
209 .032 195.7 4.4
210 .028 215.4 0.7
211 .018 217.4 -2.9212 .019 216.2 3.0
213 .013 234.7 -0.9
214 .000 124.0 66.3
215 .005 249.8 8.1216 .004 219.2 -29.1
SITE: 89TM26 
LOCALITY: DEARBORN RIVER 
LAT/LONG: 47.21/-112.24 
STRIKE-DIP: 120°-35°SW 
SAMPLES: 0/8 
LITHOLOGY: MUDSTONE
NRM_________  GEOG. COORD. STRAT. COORD
DEMAG TYPE DEC INC DEC INC
R 6.59
k 4.98
a95 27.60
663 36.83
DEC 217.7
INC 5. 6
VGP -30.1/-157.1
N o t e :  S i t e  n o t  u s e d  i n  f i n a l  c a l c u l a t i o n .
UNITF 209.000 - 216.000Geog Coordinates
Equal-Area
NRM
Wed, 1 Hay. 1991
270 90
1 8 0
S=-VJl
SITE: 89TM27 
LOCALITY: DEARBORN RIVER 
LAT/LONG: 47.21/-112.25 
STRIKE-DIP: 140®-35°SW 
SAMPLES: 5/8 
LITHOLOGY: VOLCANIC SANDSTONE
m e
NRM GEOG. COORD. STRAT. COORD
SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
217 .272 31.3 57.2 LINE 51.9 42.1 56.2 77.0
218 .100 345.4 78.6
219 .175 2.8 51.5 LINE 77.0 24.4 94.0 53.5
220 .154 78.5 45.9 LINE 91.9 -1.3 97.0 24.1
221 .139 348.7 29.1 LINE 49.6 -27.4 49.6 7.6
222 .260 358.2 47.6 LINE 340.9 65.2 274.5 56.1
223 .121 11.3 20.6224 .120 9.6 61.9
R 7.29 3.73 3.73
k 9.88 3.14 3.15
a95 18.54 51.72 51.69
Ô63 25.92 46.78 46.77
DEC 13.2 62.8 70 .7
INC 52.4 23.9 57.6
VGP 72.7/27.9 28.0/-9.8 39.1/-39.5
Note: Site not used in final calculation.
UNITH 217.000 - 224.000Geog CoordinatesEqual«Area
NAM
Wed, 1 May. 1991
270 90
180
H-Cr
CoordînStSs’  *** 
Equs1-Area
LEAST
Wed, 1 May. 1991
270
B  X
160
90
4=-
00
+
UNITH 217.000 -  222.000
S tr ê t  Coordinates
Equal-Area
LEAST
Wed, 1 Hay. 1991
270 ■ X 90
VÛ
1 8 0
150
SAMPLE Mo DEC INC
225A .002 273.4 14.4
226A .000 122.1 -80.9227B .003 275.5 -38.3228B .002 185.6 -75.0229C .000 18.9 -87.6
230C . 000 187.7 -64.7
231D .000 50.8 -24.8232D .000 204.1 -59.4
SITE: 8 9TM28 
LOCALITY: DEARBORN RIVER 
LAT/LONG: 47.22/-112.24 
STRIKE-DIP: 130®-27°SW 
SAMPLES: 0/8 (4 HAND SAMPLES) 
LITHOLOGY: WELDED TUFF
NRM________  GEOG. COORD. STRAT. COORD
DEMAG TYPE DEC INC DEC INC
R 5.65
k 2. 98
a95 38.88
Ô63 48.06
DEC 247.8
INC -76.9
VGP -50.7/105.8
Note: Site weakly magnetized and not used in final calculation 
Letters denote hand sample.
TUFF 225.000 - 232.000Geog Coordinates
Equal-Area
NRMNed. i May. 1991
270 90
HU1
1 8 0
SITE: 8 9TM29 
LOCALITY: WOLF CREEK 
LAT/LONG: 47.00/-112.08 
STRIKE-DIP: 155°-25°SW 
SAMPLES: 6/6 (5 HAND SAMPLES) 
LITHOLOGY: WELDED TUFF
152
NRM GEOG. COORD. STRAT. COORDSAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
233A 0.02 209.9 -12.6 LINE 198.3 -67.7 125.7 -71.5
234B 0.21 172.6 -28.7 CIRCLE 348.3 -14.1 352.9 -7.3235B 0.25 172.1 -18.7 CIRCLE 75.6 -19.3 75.0 5.3
236C 1. 61 186.2 -55.7 LINE 193.0 -62.3 137.7 -67.4
237D 1.38 177.3 -44.0 LINE 177.1 -46.5 148.5 -50.1
238E 2.73 190 . 9 -65.2 LINE 196.7 -68.2 123.7 -71.1
R
k
a95
563
DEC
INC
VGP
5.56
11.30
20.83
24.22
184.6
-38.3
-64.3/-122.0
-30.7/-0.2
10.33/10.92
10.34/10.93
17.7
64.3
73.0/-26.0
—30.8/—0.2 
10.31/10.91 
10.32/10.91
315.2
70.2 
56.0/-174.0
Note: Oriented hand sample denoted by letter.
TUFF 233.000 - 230.000Geog CoordinatesEqual-Area
NAM
Thu, 2  May. 1991
270 90
1 8 0
\J1
U )
TUFF 233.000 - 238.000Geog CoordinatesEqual-Area
LEAST-CIRCLThu. 2 Hay. 1991
270 90
160
U1
TUFF 233.000 - 230.000Stpat Coordinates
Equal-Area lEAST-CIACLThu. 2 May. 1991
270
><★
90
1 8 0
VIU1
SITE: 89TM30 
LOCALITY: CARTER CREEK 
LAT/LONG: 47.05/-112.12 
STRIKE-DIP: 210°-15°NW 
SAMPLES: 8/8 
LITHOLOGY: CONGLOMERATE
1 5 6
NRM GEOG. COORD. STRAT. COORDSAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
241 3.39 140.9 27.6 LINE 142.2 16.9 144.8 30,7242 6.58 118.7 -14.6 LINE 120.4 -17.4 120.4 -2,4243 5.15 181.4 -46.5 LINE 181.2 -47.6 169.4 -39.0244 0.87 100.9 64.7 LINE 129.4 -0.5 129.7 14.3245 1.51 336-8 69.7 LINE 290.4 49.4 292.4 34.5246 1.40 351.3 9.3 LINE 340.5 -22.8 346.0 -33.8247 3.47 63.6 17.0 LINE 65.1 16.0 60.5 24.2248 0.98 249.7 55.8 LINE 225.4 -4.7 223.7 -8.5
R 3.23 2.25 2.26
k 1.47 1.22 1.22
a95 77.79 111.16 111.13
563 67.57 72.76 72.67
DEC 102.1 141. 0 141.3
INC 54.1 -4.8 9.1
VGP 17.3/-54.6 -34.1/-62.8 -28.1/-67.1
Note: Site not used in final calculation.
UNIT6 241.000 - 246.000Geog CoordinatesEqual-Area
NRM
Thu. 2 May. 1991
270 90
1 8 0
U1
UNITS 241.000 - 248.000
Geog CoordinatesEqual-Area
LEAST
Thu. 2 May. 1991
270 h 90
1 8 0
H
00
+
« " f  C«o?iîô2?e®.-
Equal-* A res
LEAST
Thu. 2 Hay. 1991
270 90
1 8 0
U1VO
+
SITE: 89TM31 
LOCALITY: WOLF CREEK 
LAT/LONG: 47.00/-112.07 
STRIKE-DIP: 165®-35°SW 
SAMPLES: 7/7 (5 HAND SAMPLES) 
LITHOLOGY: WELDED TUFF
160
NRM GEOG. COORD. STRAT. COORD.SAMPLE Mo DEC INC DEMAG TYPE DEC INC DEC INC
249A .019 315.1 51.1 LINE 225.1 -61.4 130.7 -73.2250A .021 309.0 63.2 LINE 255.6 -38.7 256.6 -73.7
251B .009 223.9 -60.5 LINE 218.2 -65.7 119.3 -69.3
252C .006 218.4 -40 . 9 LINE 245.2 -55.3 158.3 -84.4
253D .005 259.5 -40.0 LINE 240.8 -50.0 189.0 -80.0
254D .003 209.7 -33.9 LINE 236.9 -56.6 148.7 -79.7
255E .009 229.7 -53.3 LINE 225.5 -58.5 140.8 -73.6
R
k
a95
Ô63
DEC
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Appendix B
In this appendices, site locations are plotted for the four localities in the study 
area. Open circles represent sites which failed the final rejection criteria, closed 
circles represent sites which yield reliable paleomagnetic directions. Sites are located 
within the W olf Creek, Roberts Mountain, and Comb Rock USGS 7 1/2 minute 
quadrangles, west-central Montana.
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Appendix C:
Two sources of remagnetization were observed within the study area. One is a 
pre-thrusting remagnetization associated with late stage hydrothermal activity near the 
latite stock o f the W olf Creek area (table a l). The second is a lemagnetization 
associated with the emplacement o f post-thrusting basaltic dikes (table a l).
The earlier pre-thrusting remagnetization was observed in sites 89TM05, 
89TM12, 89TM13, 89TM14, 89TM15, 89TM16, 89TM22, 89TM23, 89TM29 and 
89TM31 o f the W olf Creek locality. Five of these sites (89TM12, 89TM13, 89TM15, 
89TM22, and 89TM31) provide distinct vector differences which are observable in 
several specimens within the site. Analysis of average site directions associated with 
these remagnetizations resolve a distinct decrease in dispersion after structural 
correction (pages 180 and 181). Only one site (89TM22), did not group well after 
structural correction. This site must represent a distinct remagnetization event not 
associated with hydrothermal activity in the area.
Only two sites (89TM09, 89TM10) were remagnetized after thrusting of the 
Two Medicine Formation. These sites, located near post-thrusting dikes, yield a in 
situ paleomagnetic direction (table a l ,  and pages 186 and 187) which is concordant 
with the expected Late Cretaceous paleomagnetic pole (Gunderson and Sheriff, 1991).
TABLE Al: Two Medicine Remagnetizations
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Site S/N B/T a95 GDec GInc a95 SDec SInc
Pre-Thrusting
89TM12 5/8 33/580 3.14 206.3 -59.0 3.12 129.0 -75.189TM13 3/8 45/500 7.69 209.7 -56.0 7.72 142 .5 -76.189TM15 4/8 57.5/ — 11.43 204.5 -71.2 11.44 127.9 -7 4.289TM22 5/8 — /570 6.05 171.8 -44.1 6.05 156.6 -46. 689TM31 4/7 55/ — 6.72 231.6 -58.6 6. 69 139.7 -76.8
Summary of Pre -Thrusting sites
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Key- (S/N) Samples used/collected; (B/T) Maximum induction/temperature in 
mT/®C required to completely remove secondary component; (a95) 95% cone of 
confidence about the mean direction; (GDec) geographic declination; (GInc) 
geographic inclination; (SDec) stratigraphie declination; (SInc) 
stratigraphie inclination.
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A ^ 188Appendix D
Several individual sites pose interesting problems which may be of use in 
further studies o f the W olf Creek area. The reader should refer to both appendix A 
and the main text as an aid to the discussion below.
Site 89TM30 - This site, collected within a conglomerate, is located near a basaltic 
dike which crosscuts thrust faults in the area. Individual specimens within the site 
provide random directions which do not correlate with the expected paleomagnetic 
direction. Nearly continuous outcrop is available between the site 89TM30 and the 
basaltic dike. An experiment to document changing un blocking temperature spectra 
with distance from the dike is available. This analysis will document the effects of 
post-thrusting remagnetizations on Two Medicine rocks.
Site 89TM12, 89TM13, 89TM14 - These sites are located within a concordant latite 
stock located immediately north of W olf Creek. Sites were collected in an attempt to 
sample distinct periods o f time as the stock cooled. However, sites located at the 
center o f the stock were not readily accessible and thus were not sampled. In light of 
the reversal in magnetization within the Two Medicine section, collection of sites to 
the interior o f this stock may provide information about the cooling history of the 
stock.
Site 89TM22, 89TM06 - These sites, located within the latite flows, yield 
paleomagnetic inclinations which are anomalously low (—50 ) relative to paleomagnetic
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inclinations from the latite stock (inclination -75®). As these paleomagnetic directions 
are nearly age equivalent, one expects their paleomagnetic inclinations also to be 
nearly concordant. Paleomagnetic cleaning by use of thermal methods in site 89TM22 
revealed a high-unblocking temperature spectra with a higher average inclination than 
those observed by af cleaning methods. Further measurements in these sites should 
concentrate on the use of thermal cleaning methods which may yield a concordant 
average inclination between the stock and associated flows.
Isothermal Remanent Magnetizations - Further studies in rocks of the Two Medicine 
Formation should concentrate on their magnetic properties. These studies should 
include experiments in isothermal remanent magnetizations, which may determine both 
the domain, and minéralogie character o f magnetic carriers.
